12 United States Patent

US009906292B2

(10) Patent No.: US 9,906,292 B2

Peter 45) Date of Patent: Feb. 27, 2018
(54) MULTIPLE ORDER CONNECTORS FOR 8,288,877 Bl * 10/2012 Brewer ................. HO1L 23/544
CONTACTLESS COMMUNICATION | 257/797
DEVICES AND METHODS FOR USING THE 8,794,983 B2 82014 Liu
SAME 2004/0041998 Al1* 3/2004 Haddad .............. G0O6K 9/00033
356/71
: _ 2006/0051981 Al 3/2006 Neidlein et al.
(71) Applicant: Keyssa Systems, Inc., Campbell, CA 2006/0159295 Al* 7/2006 Onishi ... HO4R 17/00
(US) 381/190
) 2000/0047824 Al  2/2009 Seibert et al.
(72) Inventor: Ajith Roy Peter, Fremont, CA (US) 2010/0309369 Al* 12/2010 Jarvis .......cco....... HO4N 5/2254
348/371
(73) Assignee: KEYSSA SYSTEMS, INC., Campbell, 2012/0083137 Al 5/2012 Rohrbach et al.
CA (US) 2013/0157729 Al1* 6/2013 Tabe ................. HO4W 52/0245
| 455/573
(*) Notice: Subject to any disclaimer, the term of this 2014/0120746 AL 572014 ‘Per sion et al.
patent is extended or adjusted under 35 (Continued)
U.5.C. 154(b) by 0 days. Primary Examiner — Ankur Jain
(21) Appl No.: 15/162,313 Assistant Examiner — Max Mathew
(74) Attorney, Agent, or Firm — Van Court & Aldridge
(22) Filed: May 23, 2016 LLP
(65) Prior Publication Data (57) ABSTRACT
US 2017/0338885 Al Nov. 23, 2017 Multiple order connectors for contactless communication
devices and methods for using the same are disclosed herein.
(51) Int. Cl. In some embodiments, a first device for use 1n establishing
HO45 5/00 (2006.01) a contactless communications link with a second device 1s
HO4B 7/24 (2006.01) provided. The first device can include a first order connec-
(52) U.S. (. tion, which can be constructed to interface with a counter-
CPC e, HO04B 7724 (2013.01) part first order connection of the second device, and a second
(58) Field of Classification Search order connection. The second order connection can include
None o | a substrate, at least one contactless communications unit
See application file for complete search history. (CCU) mounted on the substrate and that is operative to
_ establish the contactless communications link with a respec-
(56) References Cited tive counterpart CCU of the second device, and an actuator

U.S. PATENT DOCUMENTS

operative to move the substrate such that the at least one
CCU 1s optimally aligned with its respective counterpart
CCU to establish the contactless communications link.

20 Claims, 13 Drawing Sheets

5,810,614 A * 9/1998 Ruch .................... HOIR 13/629
439/247
7,346,242 B2 3/2008 Morlion et al.
100 Device
104—" First Order Connection =
Second Order Connection
112 —"] CCUl—1—
L=l N Secondary Alignment
—— Circuitry and Adjustments
116 — Mechanism
- Sensor ‘Reference rd
“U—Jﬁ/—- Actuator
117 —
Control
113_/"' CCU2 B
114 ——CCUN[-—=--
10 4___/—| First Order Connection -—
10 B—/_l Other Circultry and Components

Device {90
------------- - First Order Connection ~J__124
Second Order Connection
—————————— --"-—l CCUT~_132
Secondary Alignment /--1 35
Circuitry and Adjustments [
Mechanism
—118 136 — — 138
- Sensor ‘ Reference '
- Actuator 130
137
Control
139___/-_ Cir’CUitr}‘
—————————— -—1—- CCU2 ~~—133
»
.
—————————— ——1+——{CCUN ~—134
------------- -~ First Order Alignment N 124
Other Circultry and Components — 196




US 9,906,292 B2
Page 2

(56)

U.S. PATENT DOCUM

2014/0281534 Al*

2014/0378058 Al*

2016/0106370 AlL*

2016/0119168 Al*

2016/0142867 Al*

2016/0182707 Al*

2016/0323012 AlL*
2016/0349842 Al*
2016/0359525 Al*

* cited by examiner

References Cited

9/2014 McCormack

12/2014 Deculr .......coooon....

4/2016 Filipovic

4/2016 ROY oovevvereeinnn.
5/2016 Kifnl .ooovveveererernnn

6/2016 Gabel ...............

11/2016
12/2016 Sills ...ooeeiiiinnnnn,
12/2016

EINTTS

iiiiiii

tttttttttttttt

HO4L 63/0428

713/168

H04W 4/008

455/41.2

HO04B 1/3888

340/870.07
HO4L 25/4902

375/238

HO2J 7/025

455/41.1

HO4M 1/72541

455/404.2

HO04B 1/7143
GOOF 3/016
HO04B 5/0031



US 9,906,292 B2

Sheet 1 of 13

Feb. 27, 2018

U.S. Patent

9Cl.

144"

Otl

8t

GEl

sjusuodwon pue AlINodID Jaylo

JuUswiubIY J8pi0 1s414 —

&
@
@

el ™>znoo b -1-

Anoag

|0JJUOD)

9OU3I9]O¥ JOSUSS
90USIORY| | Josuds

LisSIueyooin
sjuauwsnipy pue Ainoan
Jusubiy Alepuodss

l Old

sjuauoduwion pue Annoan) BYIO

UOII38UU0N 18I 18414

(Nnoo |7

-
e
o

6Cl

LEL

9el 8L}

znoo b FH

ANINDAID

104]U09)

101eN}OY

LWiSIueyoa|n]
syuawsnipy pue Anann
Juaubl|y Alepuoossg

c€l~{1noo}--

UOINS3auUCD) Japi() pU0dag

UOIJO3UUOCD) I=pPI() 15114 —

29IA3(]

ool 2

UOIJI8UU0T) JBpI() PUODSBS

UOI}O8UUOY) 18PIO) 1S4

30IA8(]

901

1441

6Ll

Ll
OLi

al

Gl

140)°

Ol

r/oo_‘



ac 9l

Fce

US 9,906,292 B2

vce

Sheet 2 of 13

v0Z i

Feb. 27, 2018

b0z 012 ~ .

vic  8lce cle

U.S. Patent




U.S. Patent

Feb. 27, 2018

204

210

Sheet 3 of 13

224

™~ 231
|

|
-
|

230

FIG. 2E

US 9,906,292 B2



U.S. Patent Feb. 27, 2018 Sheet 4 of 13 US 9,906,292 B2

224

204

210
-
230
FIG. 2F



U.S. Patent Feb. 27, 2018 Sheet 5 of 13 US 9,906,292 B2

323

_
FIG. 3A
FIG. 3B

325
326

jﬁmméom\— B
Dfmrbmmu




7 9l4

US 9,906,292 B2

&AY

Sheet 6 of 13

bcvy

14817

Feb. 27, 2018

cOv

U.S. Patent

oSy

oV

149%

}

247

oLy oty 1% 4

ey GV

cev

\

1743%

- I..Ecmm_z N

13%

0cy

144%

14017
OLv




U.S. Patent Feb. 27, 2018 Sheet 7 of 13 US 9,906,292 B2

O\
(N
LD

ﬁ-

ON

L

502

504

519
/

S

539

514

534
041

512

510
L
/N L
532
530
FIG. 5

550

518
[
N

538

540

504
524




US 9,906,292 B2

LAY,

Sheet 8 of 13

Feb. 27, 2018

08

U.S. Patent

GEO

9 Dl

A

/
0€9
G19— a3
[199] — 19 1] 5]
PoXIi4
/
019

1€9



U.S. Patent Feb. 27, 2018 Sheet 9 of 13 US 9,906,292 B2

704
724

710
730

CCU
CCU

718
737
Camera

FIG. 7

CCU
CCU

731




US 9,906,292 B2

Sheet 10 of 13

¥Z8

dg8 Ol

98 918

vig

PC8

- - Fa
[N - e \.\ ol [y /I -~ e e
o : / —
" — - -~ - ral
.._..\.\..n.l-.l. T - - - /.-. .\\.\\ . _— - -
.._1..- e S ——— - _FF.J.-.. = T -
i J.-..-..l.ur..-u.l1. —_— Ir T T - “ -
- e - s
= - ———— r—t
ae \ -~ BN, P -~ it N - N
y— e — —
. e J— ——— ...1.._.1 S ey
0 — -~ RS g — el .-f
- -
_— — T T —l e e
..r ~ -— e
o ._.r.f.l. . —— - \
Lt - - - ........x...:..r..rrn - T o e
e w” - ~ -~ ——
\\t\ .1..-1lll..-.... . ..1....-. J.._-..-..ll.L..lu
— I/ - —
n.......tr - - a - \ T -
P — -~ T .
/l.l - -— __.\_\_..- - ———
- - e e
- - —" -
J.f.-,rlul - - — et — - ey L
.-1..... - - il - - - o ..1...... -r_r.-.l .....1.1-. l\-.lll i T -
.
- .-.._.I.II,I.
e ST i ——— ul T
.-..1..1... = - - _— ol
- ——— - o~
F lr:.!l.lliu...q...-_. o~ j.._r,lrrnrl - ....1..\ .I._ri.ll.............. . - . =
S -
e - - -
.1.-1.-.-Ir.!l ..__-..._-. .-.I-.i..l —— ......._._..1 r:.,.l.|.ll.|.-_1.1 ———
.....-..u.-......lll. . - 1-........--Ill ..J.r.r.l.rl. — — _r - |-11.l.1
..rl. —
i - — -
y - pt - o
o ~ e T T - e -
—
- Tt L
—_— — - - —— .111|-|.l..l.|..l...
..-...__..1 “u - - — _—— |.._....\-q .-r_r...-..l.llll - o — .....1.-.-1
-~ 1.-.!-.+ s L . e
o~ - — .
pal S ra
a,
—_— —_ ~
- . T e
e .-._-...-.. l..l...._r-. |.l.......- - L
/ —

U.S. Patent

0 0 0 0 0 O 0 O

y

708




U.S. Patent Feb. 27, 2018 Sheet 11 of 13 US 9,906,292 B2

930

920

FIG. 9

900
N
910
N\



Ol 9Ol

US 9,906,292 B2

0101

er,
“ SyAS]? 2100 @
-
—
" vcOl JUBWUBINY J9pI0 PU0DaS
= 0101
)
¢COl 10J08ULOY J8PIO) 1541
=
S aul A|qLUaSSY 1O} WSIUBYIS Jojsuel] ejeq
S
2 f 010}
W
23

0c01

oul’]
A|QUIasSSYy

0001

U.S. Patent



U.S. Patent Feb. 27, 2018 Sheet 13 of 13 US 9,906,292 B2

1100
N

Establishing a First Order Connection
with a Second Device, wherein a First CCU Is Assoclated

with a First Device and a Second CCU is Associated with 1102
the Second Device

Y

Performing a Second Order Connection with the Second Device,
wherein the Performing the Second Order Connection Comprises
Moving the First CCU Relative to the Second CCU such that the 1104
Coupled Pair is Optimally Aligned for Conducting Contactless
Communications

Monitoring a Reference Associated with the Second Device to
Ascertain Alignment Positioning Data - 1106

Moving the First CCU Relative to the Second CCU Based on the
Alignment Paositioning Data ~—1108

Contactlessly Communicating Data Between the First anc
Second Devices ™~~1110

FIG. 11
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MULITIPLE ORDER CONNECTORS FOR
CONTACTLESS COMMUNICATION
DEVICES AND METHODS FOR USING THE
SAME

FIELD OF THE INVENTION

The present disclosure relates to connectors for devices
that use contactless communication units and more specifi-
cally to systems and methods for using multiple order

connectors to optimally align contactless communications
units between devices.

BACKGROUND

Advances 1 semiconductor manufacturing and circuit
design technologies have enabled the development and
production of integrated circuits (ICs) with increasingly
higher operational frequencies. In turn, electronic products
and systems incorporating such integrated circuits are able
to provide much greater functionality than previous genera-
tions of products. This additional functionality has generally
included the processing of increasingly larger amounts of
data at increasingly higher speeds. Systems or devices that
rely on these high-speed ICs to conduct contactless com-
munications require the ICs to be aligned within predeter-
mined parameters 1n order to properly function and operate
at optimal performance. Accordingly, what 1s needed are
alignment systems and methods to ensure the ICs are
properly aligned.

BRIEF SUMMARY

Multiple order connectors for contactless communication
devices and methods for using the same are disclosed herein.
In some embodiments, a first device for use 1 establishing
a contactless communications link with a second device 1s

provided. The first device can include a first order connec-
tion and a second order connection. The first order connec-
tion can be constructed to interface with a counterpart first
order connection of the second device. The second order
connection can include a substrate, at least one contactless
communications unit (CCU) mounted on the substrate and
that 1s operative to establish the contactless communications
link with a respective counterpart CCU of the second device,
and an actuator operative to move the substrate such that the
at least one CCU 1s optimally aligned with its respective
counterpart CCU to establish the contactless communica-
tions link.

In another embodiment, a method for using multiple
orders of connections to align at least one coupled pair of
CCUs 1s provided. A first CCU of the coupled pair is
associated with a first device and a second CCU of the
coupled pair 1s associated with a second device. The method
can be implemented 1n the first device and can include
establishing a first order connection with the second device
and, subsequent to establishment of the first order connec-
tion, performing a second order connection with the second
device, wherein the performing of the second order connec-
tion comprises moving the first CCU relative to the second
CCU such that the coupled pair 1s optimally aligned for
conducting contactless communications.

BRIEF DESCRIPTION THE DRAWINGS

Having thus described communication between devices in
general terms, reference 1s now made to the accompanying
drawings, which are not necessarily drawn to scale, and
wherein:
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FIG. 1 illustrates an embodiment of a communication
system:

FIGS. 2A-2F show different views of illustrative devices
having a second order connection according to various
embodiments;

FIGS. 3A and 3B show illustrative top and side views of
a second order connection having a screw-drive actuator,
according to an embodiment;

FIG. 4 shows an 1llustrative cross-sectional view of two
connected devices each having second order connections
according to an embodiment;

FIG. 5 shows another 1llustrative cross-sectional view of
two connected devices each having second order connec-
tions according to an embodiment;

FIG. 6 shows an 1llustrative sensor and reference example
that can be used 1n second order connections, according to
an embodiment;

FIG. 7 shows another illustrative sensor and reference
example that can be used in second order connections,
according to an embodiment;

FIGS. 8A and 8B show an illustrative under water indus-
trial application that can use first and second order connec-
tions, according to an embodiment;

FIG. 9 shows 1llustrative drone landing system, according,
to an embodiment:;

FIG. 10 shows an 1illustrative assembly line system,
according to an embodiment; and

FIG. 11 shows an illustrative process for performing a
multiple order connection, according to an embodiment.

DETAILED DESCRIPTION

Ilustrative embodiments are now described more fully
hereinafter with reference to the accompanying drawings, in
which representative examples are shown. Indeed, the dis-
closed communication system and method may be embodied
in many different forms and should not be construed as
limited to the embodiments set forth herein. Like numbers
refer to like elements throughout.

In the following detailed description, for purposes of
explanation, numerous specific details are set forth to pro-
vide a thorough understanding of the various embodiments.
Those of ordinary skill in the art will realize that these
vartous embodiments are illustrative only and are not
intended to be limiting in any way. Other embodiments will
readily suggest themselves to such skilled persons having
the benefit of this disclosure.

In addition, for clarity purposes, not all of the routine
teatures of the embodiments described herein are shown or
described. One of ordinary skill in the art would readily
appreciate that in the development of any such actual
embodiment, numerous embodiment-specific decisions may
be required to achieve specific design objectives. These
design objectives will vary from one embodiment to another
and from one developer to another. Moreover, 1t will be
appreciated that such a development effort might be com-
plex and time-consuming but would nevertheless be a rou-
tine engineering undertaking for those of ordinary skill in
the art having the benefit of this disclosure.

In today’s society and ubiquitous computing environ-
ment, high-bandwidth modular and portable electronic
devices are being used increasingly. Security and stability of
communication between and within these devices 1s impor-
tant to their operation. In order to provide improved secure
high-bandwidth communications, the unique capabilities of
wireless commumnication between electronic devices and
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between sub-circuits within each device may be utilized in
innovative and useful arrangements.

Such communication may occur between RF communi-
cation units, and communication at very close distances may
be achieved using EHF frequencies (typically, 30-300 GHz)
in an EHF communication unit. An example of an EHF
communications unit 1s an EHF comme-link chip. Through-
out this disclosure, the terms contactless communication
unit (CCU), comm-link chip, and comm-link chip package
are used to refer to EHF antennas embedded 1n IC packages.
CCUs may be capable of contactlessly communicating data
in the EHF frequency. CCUs may be capable of either
transmitting data, receiving data, or both. For ease of ref-
erence herein, a CCTU may refer to a CCU that 1s configured
to transmit data, and a CCRU may refer to a CCU that 1s
configured to recerve data. A CCTU may be paired with a
CCRU to form a coupled pair, 1n which data 1s contactlessly
transmitted from the CCTU (which 1s associated with a first
device) to the CCRU (which 1s associated with a second
device).

The term “transceiver” may refer to a device such as an
integrated circuit (IC) including a transmitter and a receiver
so that the itegrated circuit may be used to both transmit
and receive miformation, such as data. Generally, a trans-
ceiver may be operable in a half-duplex mode (alternating
between transmitting and receiving), a full-duplex mode
(transmitting and receiving simultaneously), or configured
as either a transmitter or a receiver. A transceiver may
include separate integrated circuits for transmit and receive
functions. The terms “contactless,” “coupled pair,” and
“close proximity coupling” as used herein, refer to the
implementing electromagnetic rather than electrical (wired,
contact-based) connections and transport of signals between
entities (such as devices). As used herein, the term *“con-
tactless” may refer to a carrier-assisted, dielectric coupling,
system which may have an optimal range dependent on
several factors such as RF power, antenna design, RF
channel design, and use of waveguides. In some embodi-
ments, the range may be between zero to five centimeters
without use of a waveguide. The connection may be vali-
dated by proximity of one device to a second device.
Multiple contactless transmitters and receivers may occupy
a small space. A contactless link established with electro-
magnetics may be point-to point 1in contrast with a wireless
link which typically broadcasts to several points.

The RF energy output by the EHF transceivers described
herein may be designed to adhere to various requirements
mandated by one or more governments or their agencies. For
example, the FCC may promulgate requirements for certi-
fication for transmitting data 1n a RF frequency band.

FI1G. 1 1llustrates a communication system 100. As shown,
system 100 may include first device 102 configured to
couple to second device 122. First device 102 may be
configured to communicate with and/or connect to second
device 122 and vice versa. Further, first device 102 and
second device 122 can be electronic devices capable of
connecting and communicating with each other. First device
102 may include first order connection 104, other circuitry
and components 106, and second order connection 110.
Similarly, second device 122 may include first order con-
nection 124, other circuitry and components 126, and second
order connection 130.

First order connections 104 and 124 represent a first stage
ol establishing a contactless link between coupled pairs of
CCUs. Each device can include one or more instances of
first order connections. As shown 1n FIG. 1, each device
includes two nstances of first order connections. First order
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connections 104 and 124 may be primarily responsible for
mating devices 102 and 122 together. Any suitable mating
and/or connection mechanisms can be used. For example,
mechanical interface connectors, magnetic connectors, elec-
tro-magnetic connectors, docking connectors, and any com-
bination thereol may be used to secure devices 102 and 122
together. As another example, merely placing devices 102
and 122 1n close proximity of each other may be suilicient
for establishing a contactless communications link.

When devices 102 and 122 are connected together via first
order connections 104 and 124, there 1s generally an expec-
tation that devices 102 and 122 can communicate with each
other via their respective CCUs. For example, when devices
102 and 122 are connected together, CCU 112 may be
suiliciently aligned with counterpart CCU 132, and CCU
113 may be sufliciently aligned with counterpart CCU 133,
and any other device 102°s CCUs may be aligned with their
counterpart CCUs 1n device 122. Relatively suflicient align-
ment of coupled pairs of CCUs may be required to ensure
optimal performance of the contactless link, as out of
alignment CCUs may result 1n excessive power consump-
tion, data loss, cross-talk, and undesired RF emissions.
Ensuring that coupled pairs of CCUSs are sufliciently aligned
can be complicated by several different factors. For
example, the ERF signal energy emitted by a CCU has a
tendency to disperse 1n unrestrained free space. As a result,
the CCUs are designed to project their signal energy 1n a
particular direction. In addition, structures such as EHF
conduits may be used to further assist the CCUSs 1n contain-
ing and directing EHF signal energy. However, 11 the CCUs
are not aligned, the CCU specific design and supporting
structures may not be able to adequately compensate for the
non-alignment. Another factor that can contribute to mis-
alignment among coupled pairs of CCUSs can be caused by
device stackup variations that can exist during the construc-
tion of device 102 or device 122. That 1s, due to tolerance
variations of components and variations in the placement
thereof within a device, this may make 1t difficult for
attaining desired alignment between coupled pairs of CCUs
when devices 102 and 122 are connected via first order
connections 104 and 124. Yet another factor that may aflect
alignment 1s an alignment disturb event that occurs after
devices 102 and 122 are connected together via first order
connections 104 and 124 and their respective CCUs are
sufliciently aligned, but the alignment disturb event causes
one or more coupled pairs of CCUs to fall out alignment.

Second order connections 110 and 130 according to
embodiments discussed herein can provide a supplemental
alignment ability to the first order connection to ensure
coupled pairs of CCUs are aligned. If the first order con-
nection can be considered to be a coarse adjustment mecha-
nism for aligning CCUSs, the second order connection can be
considered to be a fine adjustment mechamism for aligning
CCUs. Thus, the first order connection can be used to
connect devices 102 and 122 together and establish a
relatively rough alignment among CCUs, and the second
order connection can adjust the alignment between the
CClUs, 11 necessary, to establish a fimshed alignment. Sec-
ond order connections 110 and/or 130 can perform second-
ary alignment any time aiter the first order connection has
been made.

Second order connection 110 can include CCUs 112-114,
though any suitable number of CCUs may exist, and sec-
ondary alignment circuitry and adjustment mechanism 115.
Secondary alignment circuitry and adjustment mechanism
115 can include sensor 116, actuator 117, reterence 118,
and/or control circuitry 119. Second order connection 130
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can include CCUs 132-134, though any suitable number of
CCUs may exist, and secondary alignment circuitry and
adjustment mechamsm 135. Secondary alignment circuitry
and adjustment mechanism 135 can include sensor 136,
actuator 137, reference 138, and/or control circuitry 139.
Although system 100 shows both devices 102 and 122
including second order connections 110 and 130, respec-
tively, this 1s merely illustrative. In some embodiments, one
of devices 102 and 122 may not include all the components
of the second order connection and may have its CCUs
permanently fixed in place within their respective device. In
this embodiment, the device having the second order con-
nection may be required to make the second order alignment
adjustments with respect to the CCUs of the other device.
For example, the device having permanently fixed CCUs
may 1nclude a reference so that the device having the second
order connection can align itself with respect to that refer-
ence. In embodiments where both devices include second
order connections, one or both second order connections can
adjust the alignment of its respective CCUs so that desired
alignment 1s achieved.

The CCUs associated with second order connection 110
may be mounted to a substrate (e.g., a tlexible circuit board
or printed circuit board) that can be moved along at least one
of multiple axes so that desired CCU alignment can be
achieved. For example, in some embodiments, the substrate
can be moved along just one axis (e.g., x-axis), two axes
(e.g., X and y axes), or all three axes (e.g., X, v, and z axes).
It should be noted that the positions of the CCUSs (and the
spacing between adjacent CCUSs) on the substrate 1n a first
device are substantially the same as the positions of the
CCUs on a substrate 1n a second device. This ensures that
CCUs will be aligned when one substrate 1s positioned with
respect to the other.

Sensor 116 may be used by secondary alignment circuitry
and adjustment mechanism 115 to determine a position of
second order connection 110 relative to second order con-
nection 130. Sensor 116 may work in conjunction with
reference 138 of second order connection 135. For example,
in one embodiment, sensor 116 may monitor the position of
reference 138 to determine the relative locations of the
second order connections. As a specific example, sensor 116
can be a photodetector and reference 138 can be a LED. As
another specific example, sensor 116 can be a camera and
reference 138 can be a distinguishing mark such as a dot or
bullseye.

Sensor 116 may communicate positioning information
with actuator 117 so that actuator 117 can move second order
connection 110 1n position so that 1t 1s aligned with second
order connection 130. Actuator 117 may be operative to
physically move second order connection 110 using any of
variety of different platforms. For example, in one embodi-
ment, actuator 117 may be a motorized platiorm, a mag-
netically oriented platform, an electromagnetically driven
plattorm, a gimbal platiorm, a screw-drnive platform, a
pneumatic control platform, or any other platform that can
move second order connection 110 along one or more axes.

Secondary alignment circuitry and adjustment mechanism
135, sensor 136, actuator 137, and reference 138 may be
functionally the same as secondary alignment circuitry and
adjustment mechanism 1135, sensor 116, actuator 117, and
reference 118. And as such, a duplicate discussion of these
components will not be repeated.

Control circuitry 119 may coordinate or control operation
of one or more of sensor 116, reterence 118, and actuator 117
to align CCUs of device 102 with the CCUs of device 122.

In some embodiments, control circuitry 119 can communi-
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6

cate with CCUs 112-114 when assessing whether the second
order connection should be moved to better align with the
second order connection of device 122. That 1s, control

circuitry 119 can use sensor 116, reference 118 (or counter-
part reference 138), and CCUs 112-114 to determine how
best to align second order connection 110 with respect to
second order connection 130. For example, control circuitry
119 may be configured for determining whether an electro-
magnetic EHF signal received by one of CCUs 112-114
indicates that the second order alignment connections 110
and 130 are 1n alignment. Further, control circuitry 119 may
be configured to produce one or more modulation signals,
and 1n one embodiment, control circuitry 119 may generate
a modulated electromagnetic EHF signal when the received
clectromagnetic EHF signal indicates that second order
connections 110 and 130 are in alignment. In another
embodiment, control circuitry 119 may disable transmission
of a modulated electromagnetic EHF signal between devices
102 and 104 when the received electromagnetic EHF signal
indicates that second order connections 110 and 130 are not
in alignment.

Control circuitry of one of the devices may be configured
to modulate an output or transmit an electromagnetic EHF
signal contingent on meeting one or more predefined crite-
ria. For example, the one or more predefined criteria may
include matching at least one of a first data pattern, a first
data rate, a first bit-error rate, and a first protocol of first
device 102 with a corresponding second data pattern, a
second data rate, a second bit-error rate, and a second
protocol of second device 122. The one or more predefined
criteria may include determining 1f strength of the received
clectromagnetic EHF signal 1s greater than a predefined
threshold for a predefined time period. In an embodiment,
control circuitry 119 may determine 1f strength of the
received electromagnetic EHF signal 1s greater than a pre-
defined threshold for a predefined time duration. In some
examples, the one or more predefined criteria or determina-
tion of whether the second order connections are aligned
may include detecting impedance of at least one of a first
antenna of first device 102 and/or a second antenna of
second device 122. In some embodiments, the control cir-
cuitry 119 may detect impedance of at least one of the first
antenna and the second antenna. In some examples, the one
or more predefined criteria may include determining and
analyzing a time-of-flight for a round-trip EHF signal, 1.e.,
for an electromagnetic EHF signal transmitted from one
device to the other device and retransmitted back to the one
device. Control circuitry 119 may be configured to deter-
mine whether the received electromagnetic EHF signal
indicates that the second order connections 110 and 130 are
in alignment. Further, the CCUs may be configured to
transmit modulated signals between the devices when the
second order connections 110 and 130 are i alignment.

In some embodiments, control circuitry 119 may deter-
mine whether the other device 1s an acceptable or compat-
ible device for communication. For example, control cir-
cuitry 119 may determine whether an unlock code
transmitted by the other device 1s an acceptable unlock code.
Control circuitry 119 may be configured to determine
whether the electromagnetic EHF signal received from the
other device 1s modulated with data formatted according to
an acceptable qualification pattern.

In some embodiments, control circuitry 119 may detect
that the second order connection has fallen out of alignment,
even though 1t was previously in alignment. In response to
this determination, control circuitry may activate one or
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more of sensor 116, reference 118 (and/or reference 138) to
reposition second order connection 110 relative to second
order connection 130.

Other circuitry and components 106 and 126 may repre-
sent other circuitry and components that may exist in
devices 102 and 122. For example, other circuitry 106 and
126 can each include a signal controller (not shown) that
may be configured to communicate with the CCUs 112-114
and CCUs 132-134. First and second devices 102 and 122
may be configured as peers and have corresponding func-
tionality, or they may be configured as host and client with
different functionality. In one example, the signal controller
(not shown) may perform one or more checks to authorize
communication between the first device 102 and the second
device 122. Further, the signal controller may determine
whether second device 122 i1s an acceptable device when
connected to first device 102. Circuitry 106 may analyze the
one or more signals recerved from the second device 122,
such as from CCU 132 and/or CCU 133. Circuitry 126 of
second device 122 may analyze and/or process the electro-
magnetic signals received from first device 102 or more
specifically from CCU 112 and/or 113.

Components 106 can include a shield portion that 1s
designed to interface with a counterpart shield portion
included 1n circuitry and components 126 to provide elec-
tromagnetic shielding. This way, when devices 102 and 122
are connected, the shield portions can interface with each
other to form an EHF shield that prevents or mitigates EHF
leakage when devices 102 and 122 are contactlessly com-
municating with each other. The shield portions of both
devices may be configured to eflectively connect to each
other, thus acting as a continuous shield portion rather than
two separated shield portions, when the first device 102 and
the second device 104 are aligned properly and preferably
positioned proximate to or in contact with each other.
Additionally, circuitry 106 may further be configured for
determining whether the shield portion of device 102 1s 1n
ellective electrical contact with the shield portion of device
122, sufliciently to form a continuous shield when the shield
portions are aligned relative to each other and preferably
positioned proximate to or in contact with each other. In
some embodiments, the first order connection may be sui-
ficient for establishing the continuous shield. In another
embodiment, the second order connection may be used to
establish the continuous shield.

FIGS. 2A-2F show diflerent views of illustrative devices
202 and 222 having second order connection according to
various embodiments. In particular, FIGS. 2A and 2B show
illustrative top and side views, respectively, of device 202.
FIGS. 2C and 2D show illustrative top and side views,
respectively, of device 222. FIGS. 2E and 2F show illustra-
tive side views of devices 202 and 222 connected together.
As shown 1n FIGS. 2A and 2B, device 202 can include first
order connection 204 and second order connection 210. First
order connection 204 may be constructed to fit mto a
corresponding first order connection of device 222. Second
order connection 210 1s fixed 1n a permanent position and
includes CCUs 212 and 214, and reference 218. Because
second order connection 210 1s fixed 1n position, the second
order connection of device 222 will be responsible for
aligning 1itself with respect to second order connection 210.
It should be understood that this 1s merely illustrative and
that second order conmnection 210 can be moveable. As
shown 1n FIGS. 2C and 2D, device 222 can include first
order connection 224 and second order connection 230. First
order connection 224 may be constructed to interface with
first order connection 204 of device 202. Second order
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connection 230 may move within float zone 231 and can
include CCUs 232 and 234 and secondary alignment cir-
cuitry and adjustment mechanism 235. Float zone 231 may
represent the free space in which second order connector
230 can move within 1n order to align with second order

connector 210. Second order connector 230 can move 1n one
to three diflerent axes.

FIG. 2E shows devices 202 and 222 are connected
together via first order connections 204 and 224 such that
connection 204 1s inserted within connection 224. However,
second order connections 210 and 230 are not aligned.
Second order connection 230 can use 1ts secondary align-
ment circuitry and adjustment mechanism 235 to align itself
with respect to second order connection 210. For example,
secondary alignment circuitry and adjustment mechanism
235 can monitor the location of reference 218 to determine
how much to move second order connection 230 1n order to
ensure the CCUs of both devices are optimally aligned. The
result of such movement 1s shown 1n FIG. 2F.

FIGS. 3A and 3B show illustrative top and side views of
a second order connection 300 having a screw-drive actua-
tor, according to an embodiment. The screw-drive actuator
of FIGS. 3A and 3B may perform the physical alignment of
second order connection as discussed above in connection
with actuator 117 of FIG. 1. Connection 300 shows substrate
310 connected to screw-drives 321-326, which can position
substrate 310 anywhere within free space 330. Substrate 310
may be a plattorm i which CCUs are mounted. For
example, substrate 310 can be a rigid printed circuit board
or a flexible printed circuit board. Screw-drives 321-326
may be arranged to provide movement along multiple axes.
For example, screw-drives 321 and 322 may coordinate their
operation to move substrate 310 along the Y-axis, screw-
drives 323 and 324 may control X-axis movement, and
screw-drives 325 and 326 may control Z-axis movement. In
some embodiments, only one screw-drive may be needed to
control movement along any given axis. In other embodi-
ments, only one axis movement may be required, or only
two axis movements may be required.

Each screw-drive may include a driver (e.g., shown as
driver 340) that 1s secured at or near a boundary of free space
330 and a screw (e.g., shown as screw 341) that 1s moveably
coupled to the driver and substrate 310. The driver can cause
the screw to rotate clockwise or counter clockwise 1n order
to move substrate 310 1n a desired direction. For example, 1T
substrate 310 1s to be moved from left to right, screw-drive
324 may drive 1ts screw to extend and screw-drive 323 may
drive its screw to retract. The extension of screw-drive 324
may approximately the same as the retraction of screw-drive
323 so that no unnecessary stress 1s imparted to substrate
310. In some embodiments, each of screw-drives 321-326
may include a multi-axis pivot (not shown) that enables the
screws to accommodate changes 1n position of substrate
310. For example, 1f substrate 310 moves in the Y-axis
direction, screw-drives 323 and 324 may pivot in the x-y
plane to accommodate the movement of substrate. Similarly,
it substrate 310 moves 1n the Z-axis direction, screw-drives
323 and 324 may pivot 1n the x-z plane to accommodate that
movement.

FIG. 4 shows an 1llustrative cross-sectional view ol two
connected devices each having second order connections
according to an embodiment. As shown, device 402 can
include first order connection 404 and second order connec-
tion 410. First order connection 404 can have, for example,
female receptacles for receiving counterpart male recep-
tacles. Second order connection 410 can 1include CCUs 412
and 414 and permanent magnet 418. In the embodiment
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shown and described here, second order connection 410 may
be permanently fixed in position, and the second order
connection of device 422 may move to align itself with
respect to second order connection 410.

Device 422 can include first order connection 424 that
interfaces with first order connection 404 of device 402 to
connected devices 402 and 422 together. Device 422 can
also include second order connection 430 that has CCUs 432
and 434 mounted on substrate 440. Substrate 440 may be a
flexible circuit board that has flex cable 441 attached thereto
and 1s sufliciently tlexible to enable substrate 440 to move
around free space 450. Second order connection 430 can
include electromagnetic actuator 435 that 1s operative to
align substrate 440 with respect to second order connection
410.

Electromagnetic actuator 435 can include one or more
discrete electromagnetics 436 that can be selectively turned
ON and OFF. Moreover, the power applied to each discrete
clectromagnet 436 can be controlled such that the magne-
tism level of each electromagnet can be controlled. Control
circuitry (not shown) can control application of power to
cach electromagnetic 436 so that the appropriate magnetic
field 1s produced to interact with permanent magnet 418,
which may have a polarity opposite of that produced by
clectromagnet actuator 435. For example, i1 substrate 440 1s
too far to the left, control circuitry can adjust the magnetic
fields being produced by electromagnets 436 to move sub-
strate 440 to the right so that 1t 1s aligned with second order
connection 410. It should be appreciated that although,
clectromagnetic actuator 435 1s shown and described to
move substrate 440 along just one axis, actuator 435 can be
designed and constructed to move substrate 440 along two
Or more axes.

FIG. 5 shows an 1llustrative cross-sectional view of two
connected devices each having second order connections
according to an embodiment. As shown, device 502 can
include first order connection 504 and second order connec-
tion 510. First order connection 504 can have, for example,
female receptacles for receiving counterpart male recep-
tacles. Second order connection 510 can 1include CCUs 512
and 514 and permanent magnets 518 and 519. In the
embodiment shown and described here, second order con-
nection 510 may be permanently fixed 1n position, and the
second order connection of device 522 may move to align
itsell with respect to second order connection 510. Device
522 can 1nclude first order connection 524 that interfaces
with first order connection 504 of device 502 when devices
502 and 3522 are connected together. Device 522 can also
include second order connection 530 that has CCUs 532 and
534 mounted on substrate 340. Substrate 534 may be a
flexible circuit board that has flex cable 541 attached thereto
and 1s sufliciently tlexible to enable substrate 540 to move
around free space 550. Second order connection 530 can
include permanent magnets 538 and 539 that are designed to
self-align with counterpart permanent magnetics 318 and
519. For example, magnets 518 and 538 may self-align, and
magnets 519 and 539 may self-align. If desired, additional
magnetics may be included 1n second order connections 510
and 3530 to further assist the self-alignment of substrate 540.

In some embodiments, a combination of both permanent
and electromagnetics can be used as part of an actuator
platform that aligns second order connection to another
second order connection. Such an embodiment may include
features from the second order connections of FIGS. 4 and
5.

FIG. 6 shows an 1llustrative sensor and reference example
that can be used 1n second order connections, according to
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an embodiment. Second order connection 610 can be fixed
within first order connection 604 and can include one or
more LEDs 6135 that serve as beacons for one or more
sensors 635 contained 1 second order connection 630.
Second order connection 630 may be able to move within
free space 631 via an actuator platform (not shown) of first
order connection 624. Sensors 6335 may monitor for the
presence of the one or more LEDs 613 and provide feedback
data to a controller (not shown) and/or actuator platform (not
shown) so that second order connection 630 1s optimally
aligned with second order connection 610.

FIG. 7 shows another illustrative sensor and reference
example that can be used in second order connections,
according to an embodiment. Second order connection 710
can be fixed within first order connection 704 and can
include reference point 718 that serve as a location beacon
for sensor 737 contained in second order connection 730.
Second order connection 730 may be able to move within
free space 731 via an actuator platform (not shown) of first
order connection 724. Sensor 737 may be a camera that
monitors for the location of reference pomnt 718 and can
provide feedback data to a controller (not shown) and/or
actuator platform (not shown) so that second order connec-
tion 730 1s optimally aligned with second order connection
710. For example, 11 reference point 718 1s a bullseye with
a series of increasing diameter rings, sensor 737 can provide
feedback to a controller, which in turn can instruct the
actuator to move second order connection 730 1n response to
the rings being monitored by the sensor 737.

Various industrial applications may be a fertile environ-
ment for applications that use the second order connections
according to various embodiments. Industrial applications,
as opposed to consumer electronic applications, generally
operate 1n a larger, bulkier, context and as a result, the ability
to ensure CCUSs are optimally aligned when two industrial
s1zed devices/components are coupled together can be dif-
ficult. For example, industrial applications may require large
machines to place two components together to achieve a first
order connection. Use of such large equipment lacks the
finesse that can be exercised by human hands, thereby
potentially making 1t diflicult to align the CCUs during the
first order connection.

FIG. 8A shows an illustrative under water industrial
application that can use first and second order connections
according to an embodiment. As shown, underwater cable
800 may exist under body of water 802 and 1s being serviced
by ship 804. Ship 804 may be performing any variety of
actions that requires a first order coupling of two portions of
cable 800. For example, ship 804 may be coupling two ends
ol separate cables or 1s splicing the cable to installation of
additional equipment. Regardless of the operation, it may
take place underwater using remote controlled equipment.
The equipment may be capable of establishing a first order
connection between two portions of cable 800, but 1s too
bulky to ensure alignment of CCUs 1s ensured. Referring
now to FIG. 8B, an enlarged illustrative cross-section of
cable 800 1s shown. In particular, first order connections 814
and 824 are shown coupling cable portions 810 and 820
together. In addition, portions 810 and 820 can include
second order connections 816 and 826, respectively. Second
order connections 816 and 826 may each have the ability
self-align with respect to each other using the embodiments
taught herein.

FIG. 9 shows illustrative drone landing system 900 that
can include drone 910, landing pad 920, and data transfer
plattorm 930. Drone 910 may perform various operations
such as deliver packages, perform surveillance, take photos
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or videos, and execute various other missions. Drone 910
may land at landing pad 920 to receive data from and/or
provide data to data transfer platform 930. When drone 910
lands on landing pad, 1t can establish a first order connection
by landing on top of data transier platform 930. After the
first order connection 1s established, a second order connec-
tion according to embodiments discussed herein can align
CCUs (not shown) contained 1n platform 930 with CCUs
(not shown) in drone 910. After second order alignment 1s
achieved, data can be transferred between drone 910 and
data transfer platform 930.

FIG. 10 shows 1llustrative assembly line system 1000 that
includes several widgets 1010 and data transfer mechanism
1020. Each widget 1010 may have a first order connection
1012 for interfacing with a corresponding first order con-
nection 1022 of data transfer mechanism 1020. Each widget
1010 may also include one or more CCUs. Data transfer
mechanism 1020 can include first order connection 1022,
second order connection 1024, and one or more CCUs 1026.
Second order connection 1024 can embody the features of
second order connection 110 of FIG. 1. As widgets 1010
move along the assembly line, data transfer mechamism
1020 can establish a first order connection via connections
1012 and 1022. After the first order connection 1s made,
second order alignment 1024 establishes a second order
connection with the CCUSs 1n widget 1010. After the second
order connection 1s made, data can be transferred from data
transfer mechanism 1020 to widget 1012.

Another 1industrial application that can benefit from sec-
ond order connections according to embodiments discussed
herein can 1nclude alignment of CCUs 1n outer space. For
example, second order alignment may be used 1n satellite to
satellite connections, space station to satellite connections,
or any other connections performed 1n outer space.

FIG. 11 shows an 1llustrative process 1100 for performing
a multiple order connection, according to an embodiment.
Process 1100 can start at step 1102, where a first order
connection can be established with a second device. That 1s,
a first device 1s connected with the second device via the first
order connection. A first CCU can be associated with the first
device and a second CCU can be associated with the second
device. The first and second CCUs may form a coupled pair
that, when aligned, contactlessly communicate data between
the first and second devices. At step 1104, a second order
connection with the second device can be performed. Per-
formance of the second order connection can include mov-
ing the first CCU relative to the second CCU such that the
coupled pair 1s optimally aligned for conducting contactless
communications. For example, the first CCU may be situ-
ated on a substrate that 1s moved within a free space by an
actuator (e.g., actuator 117). In addition, performance of the
second order connection can also include monitoring a
reference associated with the second device to ascertain
alignment positioning data (at step 1106) and moving the
first CCU relative to the second CCU based on the alignment
positioning data (at step 1108). For example, the reference
can be reference 138 of FIG. 1 and the monitoring can be
performed by sensor 116 of FIG. 1. After the second order
connection 1s made and the first and second CCUs are
aligned, data can be contactlessly communicated between
the first and second devices (step 1110).

It 1s believed that the disclosure set forth herein encom-
passes multiple distinct inventions with independent utility.
While each of these inventions has been disclosed in 1ts
preferred form, the specific embodiments thereol as dis-
closed and illustrated herein are not to be considered 1n a
limiting sense as numerous variations are possible. Each
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example defines an embodiment disclosed in the foregoing
disclosure, but any one example does not necessarily
encompass all features or combinations that may be even-
tually claimed. Where the description recites “a” or “a first”
clement or the equivalent thereof, such description includes
one or more such elements, neither requiring nor excluding
two or more such elements. Further, ordinal indicators, such
as first, second or third, for 1dentified elements are used to
distinguish between the elements, and do not indicate a
required or limited number of such elements, and do not
indicate a particular position or order of such elements
unless otherwise specifically stated.

Whereas many alterations and modifications of the pres-
ent invention will no doubt become apparent to a person of
ordinary skill in the art after having read the foregoing
description, 1t 1s to be understood that the particular embodi-
ments shown and described by way of 1llustration are in no
way 1ntended to be considered limiting. Therefore, reference
to the details of the preferred embodiments 1s not intended
to limit their scope.

What 1s claimed 1s:

1. A first device for use in establishing a contactless
communications link with a second device, the first device
comprising;

a first order connection constructed to physically interface
with a counterpart first order connection of the second
device; and

a second order connection operative to move independent
of the first order connection, the second order connec-
tion comprising:

a substrate;

at least one contactless communications umt (CCU)
mounted on the substrate and that 1s operative to
establish the contactless communications link with a
respective counterpart CCU of the second device;
and

an actuator operative to move the substrate such that
the at least one CCU 1s optimally aligned with 1ts
respective counterpart CCU to establish the contact-
less communications link, wherein the first order
connection 1s operative to perform coarse physical
alignment of the at least one CCU with the respective
counterpart CCU and wherein the second order con-
nection 1s operative to perform fine physical align-
ment of the at least one CCU with the respective
counterpart CCU.

2. The first device of claim 1, wherein the first order
connection 1s insuilicient for establishing the contactless
communications link.

3. The first device of claim 1, wherein the second order
connection further comprises:

a sensor for detecting a reference existing on the second
device, wherein the actuator moves the substrate based
on data obtained from the sensor.

4. The first device of claim 3, wherein the sensor 1s a

camera and the reference 1s a location reference.

5. The first device of claim 3, wherein the sensor 1s a
photo sensor and the reference 1s a light emitting diode.

6. The first device of claim 1, wherein the actuator
comprises at least one electromagnet.

7. The first device of claim 1, wherein the actuator
comprises at least one screw-drive.

8. The first device of claam 1, wherein the actuator
comprises at least one permanent magnet.

9. The first device of claim 1, wherein the substrate 1s a
flexible circuit board that moves within a free space 1nde-
pendent of the first order connection.




US 9,906,292 B2

13

10. The first device of claim 1, wherein the first device 1s
one of a consumer electronic device and an industrial device.
11. The method claim 10, further comprising;:

monitoring an alignment status of the coupled pair of
CCUs;

determining whether the alignment status 1s 1 a non-

aligned status; and

if the alignment status 1s determined to be the non-aligned

status, re-performing the second order connection with
the second device.
12. The first device of claim 1, wherein the first device 1s
an industrial device selected from an underwater cable, a
data transfer platform for use with a drone, a data transfer
platform for use in an assembly line, and a spacecratt.
13. A method for using multiple orders of connections to
align at least one coupled pair of contactless communication
units (CCUSs), wherein a first CCU of the coupled pair 1s
associated with a first device and a second CCU of the
coupled pair 1s associated with a second device, the method
implemented 1n the first device, the method comprising:
establishing a first order connection with the second
device, wherein the first order connection 1s a physical
connection that defines a coarse alignment of the first
CCU relative to the second CCU; and

subsequent to establishment of the first order connection,
performing a second order connection with the second
device, wherein the performing the second order con-
nection comprises moving the first CCU relative to the
second CCU independent of the first order connection
such that the coupled pair 1s optimally aligned for
conducting contactless communications, wherein the
second order connection defines a fine alignment of the
first CCU relative to the second CCU.

14. The method of claim 13, wherein the performing
turther comprises:

monitoring a reference associated with the second device

to ascertain alignment positioning data; and
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moving the first CCU relative to the second CCU based on
the alignment positioning data.

15. The method of claim 13, wherein the first order
connection 1s equivalent to a coarse alignment and the
second order connection 1s equivalent to a fine alignment.

16. The method of claim 13, wherein the moving com-
prises using a plurality of electromagnets to move the first
CCU relative to the second CCU.

17. The method of claim 13, wherein the moving com-
prises using at least one screw-drive to move the first CCU
relative to the second CCU.

18. A first device for use in establishing a contactless
communications link with a second device, the second
device comprising:

a first order connection constructed to physically interface
with a counterpart first order connection of the first
device; and

a second order connection comprising:

a substrate:

at least one contactless communications umt (CCU)
mounted on the substrate and that 1s operative to
establish the contactless communications link with a
respective counterpart CCU of the first device; and

a reference operative to provide an alignment reference
point for enabling the first device to align its coun-
terpart CCU with the CCU associated with the
second device, wherein the first order connection 1s
operative to perform coarse physical alignment of
the at least one CCU with the respective counterpart
CCU and wherein the second order connection 1s
operative to perform fine physical alignment of the at
least one CCU with the respective counterpart CCU.

19. The device of claim 18, wherein the substrate i1s
permanently fixed 1n position.

20. The device of claim 18, wherein the reference com-
prises a light emitting diode.
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